mor. The term "liponeurocytoma" was first introduced in the 2000 World Health Organization as "a distinct clinico-pathological entity in the group of glioneuronal tumors" [2] . Now, it is defined as a WHO grade II tumor with neuronal consistent, variable astrocytic and focal lipomatous differentiation and with infiltrative nature, low proliferation index, but high likelihood of recurrence [3] [4] .
This article reports a rare case of cerebellar liponeurocytoma presenting with fatal tumor hemorrhage and discusses the differential pathological diagnosis.
Case Description Clinical history and diagnosis
A 49-years-old woman had a history of arterial hypertension and chronic renal insufficiency treated by failed kidney transplant one month before and dialysis since 2011; besides, she was in therapy with clopidogrel and acetylsalycilic acid because of deep arterial thrombosis.
In January 2018, the patient had intense headache,
Abstract
Liponeurocytoma is a very rare tumor of the nervous system, with only 63 reported cases, mainly in the cerebellum and ventricular system. The key-points for the diagnosis are the histological findings of neurocytic cells with lipidic accumulation, with positivity for S-100 and synaptophysin and negativity for IDH-1, and the MR finding of hyperintensity areas on T1Wi corresponding to fatty tissue within the tumor.
This article reports a case of cerebellar liponeurocytoma presenting with acute ictal onset due to significant tumor hemorrhage and resulting in poor outcome with death, after urgent surgery with complete tumor resection. Inspite of the absence of fatty areas on MRI due to the blood infiltration, limited areas of fatty accumulation in the neurocytic tumor cells were evidenced on the deep histological sections, thus allowing the correct diagnosis.
Introduction
Cerebellar liponeurocytoma is a very rare neoplasm of the adults, first described by Bechtel, et al. in 1978 [1] , as mixed mesenchymal and neuroectodermal tu-mass was exposed; it had slightly increased consistency, vascularized soft tissue, significant blood collection and necrosis. Piecemeal tumor resection was realized. Significant brainstem displacement was evident. The edematous left cerebellar tonsil, displaced downward into the occipital foramen, was resected. The intraoperative diagnosis on frozen sections was low grade glioma. After surgery the patient remained intubated and under pharmacological sedation, with enlarged and scarcely reactive pupils.
In the first postoperative day a CT scan revealed a blood collection in the surgical cavity, enlarged ventricular system and edema of the pons and medium cerebellar peduncle. Thus, the patient was re-operated on and the blood clot was evacuated from the surgical cavity. In the third postoperative day fixed not reactive mydriasis and no motor response were evident (GCS 3); the hemodynamic parameters were instable despite the high doses of noradrenaline. The patient died for cardiac arrest.
Pathology
Pathological examination of the first H-E sections revealed a tumor with mixed patterns, including areas with tortuous and variably dilated vessels with marked hyalinization (Figure 2a Figure 1c and Figure 1d ) showed a tumor mass of the left cerebellar hemisphere (52 × 33 × 27 mm) with heterogeneous signal due to the presence of peripheral calcifications, diffuse intralesional bleeding, solid nodules and cystic and necrotic components; discrete perilesional edema, severe brainstem compression, triventricular hydrocephalus and herniation of the left cerebellar tonsil were present. DWI, spectroscopy and perfusion sequences did not provide further information because of the diffuse intralesional blood.
At admission the patient was comatose and with equal and reactive pupils, then she rapidly deteriorated up to GCS 5 and was recovered in our intensive care unit and intubated. [5-8], 14 in the supratentorial ventricular system [9, 10] , one in the cerebellopontine angle [11] and one in the cerebral parenchyma [12] , as evidenced by some literature reviews [10, [12] [13] [14] [15] [16] . We agree with Cai et al. [12] that the definition of "central liponeurocytoma" is more appropriate than "cerebellar liponeurocytoma" for including the different reported sites. Almost all reported cases were observed in patients from 30 to 60-years-old, with no sex difference. The clinical presentation was aspecific and consistent with a slowing growing mass lesion.
Surgery and outcome
In our cases the clinical onset was that of a severe cerebellar hemorrhage with rapidly progressive neurological deterioration, coma and signs of severe brainstem compression requiring respiratory assistance, in absence of any previous neurological symptom. The hemorrhage within a moderately vascularized tumor was favored by several conditions, including chronic hypertension, dialysis and therapy with clopidogrel and acetyl salycilic acid. Also, re-bleeding occurred inspite of the complete tumor resection. Only one among the reported cases of liponeurocytoma [5] was associated to hemorrhage; however, the clinical evolution was not acute but progressive and the bleeding was evidenced only on MRI. plasm and central spherical nucleus interspersed with a delicate capillary network with "chicken-like" appearance. Microcalcifications were also evident. Some eosinophilic granular bodies were observed within the perilesional parenchyma.
The examination of the deep sections revealed the presence of focal accumulation of lipid-laden cells (Figure 2c) , consisting of neuroepithelial tumor cells with lipidic accumulation.
The immunohistological studies revealed diffuse reactivity for S-100 and synaptophysin (Figure 2d ) and focal for GFAP. Cytokeratin and EMA were negative, thus excluding a cellular variant of hemangioblastoma. The IDH 1 was negative, thus excluding an oligodendroglioma. The p53 was expressed in less than 10% of the neoplastic cells. The Ki63 Li was 2-3%.
The histological and immunohistochemical findings allowed the diagnosis of liponeurocytoma.
Discussion
This case is notewhorthy for the exceptional occurrence of this tumor entity and the sudden clinical onset with severe hemorrhage.
Liponeurocytoma of the central nervous system is very unusual, with 47 reported cases in the cerebellum The immunohistochemical profile of liponeurocytoma reveals both neuronal and glial differentiation, with positivity for synaptophysin, NSE and MAP-2, focal expression of GFAP and positivity to TP53 (20%). Oligodendroglioma is negative for neuronal markers, such as synaptophysin, and shows high frequency of IDH1 mutation. The cellular variant of the hemangioblastoma, a tumor with extremely variable cell density, dilated vessels and cystic-like spaces, may be positive to inhibin, is negative for GFAP and TP53 and only occasionally shows lipomatous differentiation. The medulloblastoma shows the typical nodular architecture, high cellularity and MIB-1 index, absence of adypocite-like (vacuolated) tumor cells. A diagnostic algorithm of these immunohistochemical studies may be proposed to aid the differential diagnosis of clear cell cerebellar tumors (Figure 3) .
Total surgical resection is the treatment of choice of liponeurocytoma. Radiation therapy may be considered for tumors with high proliferation index and for local recurrences.
Although the prognosis is favorable for the more benign forms, the reported recurrence rate is 31% [17, 18] and cases with aggressive pathological and clinical behaviour are described [18, 19] . However, the guidelines of adjuvant treatments, the progression-free survival and the prognosis are difficult to be exactly defined, because of the exceptional occurrence of this tumor, the scarce knowledge of its natural history and the lack of The MRI appearance of liponeurocytoma is that of a tumor mass of inhomogeneous signal intensity, with isointense areas in both T1W1 and T2Wi, due to high cellular density, hyperintense cysts and spots of hypointensity that indicate areas of calcifications. The presence of focal areas of hyperintensity on T1W1 corresponding to fatty tissue inside the tumor is a characteristic finding found in almost all reported cases and may suggest the preoperative diagnosis of liponeurocytoma [10, 12, 17] . However, in our own, as in another reported case [12] , no areas with fat signal intensity were detected. This may be due to both the scarce amount of tumor cells with lipidic accumulation and the hemorrhage infiltration. The contrast enhancement is slightly inhomogeneous implying mild vascularity [16] .
The typical histological aspect of liponeurocytoma is that of a tumor with mixed pattern, with areas characterized by dilated vessels and hyalinization, and areas with moderate cellularity, composed by neurocytic cells with focal lipomatous degeneration. This last findings should suggest the diagnosis of liponeurocytoma, in spite of the exceptional occurrence of this pathological entity.
The differential diagnosis must include other more frequent neoplasms with possible lipomatous degeneration, such as oligodendroglioma, hemangioblastoma, neurocytoma, medulloblastoma. The immunohistochemical studies are useful to this aim. follow-up data.
Conclusion
Liponeurocytoma is a very rare tumor of the cerebellum and ventricular system, which may be diagnosed from the histological finding of neurocytic cells with focal lipidic accumulation and hyperintensity on T1WI of MR corresponding to fatty tissue within the tumor. Even when this radiological finding is not evident, as in our case with fatal tumor hemorrhage, the careful investigation of small focal areas of lipidic accumulation is mandatory to define diagnosis.
